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aPTT

:   activated partial thromboplastin time

HES

:   hydroxyethyl starch

LPS

:   lipopolysaccharide

MW

:   molecular weight

PT

:   prothrombin time

TEG

:   thromboelastography

vWF

:   von Willebrand factor

α

:   angle

ACT

:   activated clotting time

CL30%

:   clot lysis index at 30 minutes

CL60%

:   clot lysis index at 60 minutes

FVIII

:   factor VIII

G

:   global clot strength

Fluid therapy is a common treatment for hospitalized patients although there is debate regarding optimal fluid selection. Although crystalloids and colloids are both routinely recommended for use in critically ill animals, indications and adverse effects of these fluids have not been extensively investigated in dogs. General indications for colloid therapy include intravascular volume expansion for animals with hypovolemic or distributive shock, as well as animals with hypoalbuminemia and decreased oncotic pressure.[1](#jvim12492-bib-0001){ref-type="ref"} Adverse effects have been associated with the use of certain synthetic colloids in humans including the induction of coagulopathies, impaired kidney function, and prolonged tissue storage resulting in pruritus.[2](#jvim12492-bib-0002){ref-type="ref"}, [3](#jvim12492-bib-0003){ref-type="ref"}, [4](#jvim12492-bib-0004){ref-type="ref"} Several human studies have compared crystalloids and colloids used during fluid resuscitation, but have failed to identify a survival advantage for either type of fluid.[5](#jvim12492-bib-0005){ref-type="ref"}, [6](#jvim12492-bib-0006){ref-type="ref"}, [7](#jvim12492-bib-0007){ref-type="ref"}

Different synthetic colloids are available, but hydroxyethyl starches (HES) are the products routinely used in North America.[5](#jvim12492-bib-0005){ref-type="ref"} Tetrastarch, a third generation HES, has a smaller molecular weight (MW) and lower degree of molar substitution, thereby exhibiting more rapid elimination and lack of accumulation compared to other HES.[4](#jvim12492-bib-0004){ref-type="ref"}, [8](#jvim12492-bib-0008){ref-type="ref"} Reports support a possible lesser impact of tetrastarch on coagulation compared to other larger MW HES products.[3](#jvim12492-bib-0003){ref-type="ref"}, [4](#jvim12492-bib-0004){ref-type="ref"}, [9](#jvim12492-bib-0009){ref-type="ref"} Adverse effects of HES on hemostasis in humans are characterized by decreased factor VIII (FVIII) and von Willebrand factor (vWF) activity, dilution of clotting factors, decreased expression of integrin α~IIb~β~3~ on activated platelets leading to decreased aggregation, decreased fibrinogen polymerization, acquired fibrinogen deficiency, and impaired fibrinolysis.[3](#jvim12492-bib-0003){ref-type="ref"}, [4](#jvim12492-bib-0004){ref-type="ref"}, [10](#jvim12492-bib-0010){ref-type="ref"} Studies in vitro and in vivo using thromboelastography (TEG) and similar viscoelastic devices have been performed in humans to evaluate the effect of HES on hemostasis.[10](#jvim12492-bib-0010){ref-type="ref"}, [11](#jvim12492-bib-0011){ref-type="ref"}, [12](#jvim12492-bib-0012){ref-type="ref"} Progressive in vitro hemodilution with tetrastarch produces a hypocoagulable TEG profile in people.[13](#jvim12492-bib-0013){ref-type="ref"}, [14](#jvim12492-bib-0014){ref-type="ref"}, [15](#jvim12492-bib-0015){ref-type="ref"} To date, there are no published veterinary studies investigating the in vivo effects of HES on coagulation in dogs using TEG.

The primary objective of this study was to compare the effects of an isotonic crystalloid (0.9% NaCl) and synthetic colloid (tetrastarch) on coagulation in healthy dogs and dogs with systemic inflammation. The secondary objective was to determine the correlation between TEG variables and traditional coagulation test results. The authors hypothesized that an IV bolus of tetrastarch would produce a hypocoagulable TEG profile compared to 0.9% NaCl administration in both healthy dogs and dogs with systemic inflammation. The authors also hypothesized that TEG variables would be correlated with traditional coagulation test results.

Materials and Methods {#jvim12492-sec-0008}
=====================

Animals {#jvim12492-sec-0009}
-------

Sixteen healthy adult purpose‐bred Beagles were included in this study. All dogs were deemed healthy on the basis of a normal physical examination, CBC, biochemistry profile, prothrombin time (PT), and partial thromboplastin time (aPTT). The institution Animal Care Committee approved the study. Dogs were housed and handled according to the guidelines of the Canadian Council on Animal Care, the requirements of the Animals for Research Act Revised Statutes of Ontario, and the institution Animal Care Policy.

Experimental Design {#jvim12492-sec-0010}
-------------------

A randomized, placebo‐controlled, blinded study was performed. Dogs were randomized into one of two fluid resuscitation groups for the entire study: 8 dogs received an isotonic crystalloid (0.9% NaCl)[1](#jvim12492-note-0001){ref-type="fn"} and 8 dogs received a synthetic colloid (tetrastarch).[2](#jvim12492-note-0002){ref-type="fn"} Dogs were randomized to first receive either 5 μg/kg, IV lipopolysaccharide (LPS, *Escherichia* coli 0127:B8)[3](#jvim12492-note-0003){ref-type="fn"} or an equal volume of placebo (0.9% NaCl)[1](#jvim12492-note-0001){ref-type="fn"} (T0) via a cephalic catheter.[4](#jvim12492-note-0004){ref-type="fn"} Thirty minutes later (T0.5), each dog received 40 mL/kg IV of the designated resuscitation fluid delivered over 30 minutes. The study was repeated with dogs receiving the opposite prefluid treatment (LPS or placebo) after a minimum 14‐day washout period during which no treatments were administered outside of normal husbandry and care. The first author was blinded to the type of fluid given and randomization was performed using an online number generating program.

Dogs were fasted 12 hours prior[5](#jvim12492-note-0005){ref-type="fn"} to the study and allowed free access to water. At the start of the experiment, butorphanol[5](#jvim12492-note-0005){ref-type="fn"} (0.2 mg/kg, IM) was given for analgesia and was repeated IV at 2 (T2) and 4 (T4) hours after baseline (T0). A 20‐gauge catheter[4](#jvim12492-note-0004){ref-type="fn"} was placed in the cephalic vein to enable IV administration of either placebo or LPS and butorphanol. At the completion of the experimental period (T6), the cephalic catheter was removed and the dogs were rehoused and offered food.

Sample Collection and Tests {#jvim12492-sec-0011}
---------------------------

Blood samples (5 mL) were collected atraumatically via jugular venipuncture at baseline (T0) and 1 (T1), 2 (T2), 4 (T4), and 24 (T24) hours after LPS or placebo administration. Blood samples were collected into a max‐ACT tube,[6](#jvim12492-note-0006){ref-type="fn"} EDTA tube,[7](#jvim12492-note-0007){ref-type="fn"} and two plastic vacutainer tubes with sodium citrate (3.2% trisodium citrate and blood in a 1 : 9 ratio).[8](#jvim12492-note-0008){ref-type="fn"} The max‐ACT tube was used immediately to determine the activated clotting time (ACT) by the axillary method as described previously.[16](#jvim12492-bib-0016){ref-type="ref"} The EDTA blood was used for white blood cell and platelet count, which were performed at a commercial laboratory using an automated analyzer with laser light scatter and cytochemical staining methods.[9](#jvim12492-note-0009){ref-type="fn"} One of the two vacutainer tubes containing sodium citrate was stored at room temperature for 30 minutes and used for TEG analysis and the other was centrifuged immediately at 700*g* for 15 minutes. The plasma was then removed and stored at −70°C for batch analysis of PT, aPTT, FVIII activity, von Willebrand factor antigen activity (vWFAg) and collagen binding activity (vWFCBA), and D‐dimer concentration.

### Coagulation Testing {#jvim12492-sec-0012}

PT and aPTT were performed at the coagulation laboratory at the Foster Hospital for Small Animals at Tufts University. PT and aPTT were both determined by means of an automated analyzer[10](#jvim12492-note-0010){ref-type="fn"} and commercially available reagents,[11](#jvim12492-note-0011){ref-type="fn"} ^,^ [12](#jvim12492-note-0012){ref-type="fn"} as described previously.[17](#jvim12492-bib-0017){ref-type="ref"} Reference intervals were based on pooled plasma obtained from 35 healthy dogs. FVIII activity, vWFAg and vWFCBA, and D‐dimer concentration were measured at the Comparative Coagulation Section of the Animal Health Diagnostic Center at Cornell University. FVIII activity was performed in a modified one‐stage aPTT technique using a semiautomated clot detection instrument[13](#jvim12492-note-0013){ref-type="fn"} and canine congenital FVIII deficient substrate plasma, as previously described.[18](#jvim12492-bib-0018){ref-type="ref"}, [19](#jvim12492-bib-0019){ref-type="ref"} vWFAg was measured by ELISA with monoclonal anticanine vWF antibodies.[20](#jvim12492-bib-0020){ref-type="ref"} vWFCBA was measured by ELISA with bovine mixed, types I and III, collagen and the same monoclonal anticanine vWF antibodies.,[14](#jvim12492-note-0014){ref-type="fn"} [21](#jvim12492-bib-0021){ref-type="ref"} The standard curves for all factor assays were derived from dilutions of a pooled canine plasma standard, prepared from 15 healthy dogs and stored in single‐use aliquots at −70°C. Plasma D‐dimer concentration was measured in a quantitative, immunoturbidometric method using a commercial kit.[15](#jvim12492-note-0015){ref-type="fn"} The assay standard was generated from dilutions of the manufacturer\'s human D‐dimer calibrator.

### Thromboelastography {#jvim12492-sec-0013}

TEG was performed using a commercial analyzer[16](#jvim12492-note-0016){ref-type="fn"} running kaolin[17](#jvim12492-note-0017){ref-type="fn"} activated samples 30 minutes after sample collection. CaCl~2~ [18](#jvim12492-note-0018){ref-type="fn"} (20 μL) was added to 340 μL of the activator and citrated whole blood mixture, for a total volume of 360 μL per cup.[19](#jvim12492-note-0019){ref-type="fn"} The TEG analyses were run for a maximum of 90 minutes or until R, K, α, MA, global clot strength (G), clot lysis index at 30 minutes (CL30%), and clot lysis rate at 30 minutes (LY30%) values were obtained. G represents the global clot strength and was calculated from the MA (G = 5,000 × MA/\[100‐MA\]). When possible, clot lysis index at 60 minutes (CL60%), and clot lysis rate at 60 minutes (LY60%) values were also recorded. TEG results were compared with a reference interval established at the same institution from analysis of 40 healthy dogs.[22](#jvim12492-bib-0022){ref-type="ref"}

Statistical Methods {#jvim12492-sec-0014}
-------------------

A Latin square design with repeated measures over time and a generalized linear mixed‐model was employed to analyze the data using proc mixed. The AKAIKE information criterion (AIC) was used to determine an error structure for the auto‐regression. The assumptions of the ANOVA were assessed by comprehensive residual analyses. Shapiro--Wilk test was conducted to analyze for normal distribution. Residuals were plotted against predicted values and explanatory variables (treatment, fluid, time, dogs) to look for outliers or unequal variance. If residual analyses suggested a need for data transformation, logarithmic transformation was done before data analysis. If comparisons of the factors "treatment" and "time" were significant, differences between dogs receiving 0.9% NaCl or tetrastarch were compared using paired *t‐*tests. The level of significance for the *t*‐tests was corrected using a Tukey\'s or Dunnett\'s test. Significance was set at *P* \< .019 for all variables. Correlations between ACT, platelet count, PT, aPTT, FVIII activity, vWFAg, vWFCBA, and D‐dimer concentration, and individual TEG variables were performed via a Pearson correlation for normally distributed data and a Spearman correlation for nonnormally distributed data. The authors categorized correlation as follows: r ≥ 0.95 excellent, *r *≥* *0.85 to 0.94 very good, *r *≥* *0.75 to 0.84 good, *r *≥* *0.50 to 0.74 fair, and *r *\<* *0.50 poor. Significance was set at *P* \< .05 for all correlations. Commercially available software was used for the statistical analyses[20](#jvim12492-note-0020){ref-type="fn"} and graph generation.[21](#jvim12492-note-0021){ref-type="fn"}

Results {#jvim12492-sec-0015}
=======

All dogs were female (7 intact, 9 spayed) ranging in age from 16 to 44 months (median 18 months). The median body weight was 8.85 kg (range: 7.8--11 kg).

Healthy Dogs (Placebo Phase) {#jvim12492-sec-0016}
----------------------------

Compared to dogs given a fluid bolus of 0.9% NaCl, dogs given tetrastarch had a decreased platelet count (mean difference = −63.40, C.I. = −116.06 to −10.74, *P* = .019, Fig. [1](#jvim12492-fig-0001){ref-type="fig"}A) and increased aPTT (mean difference = 3.39, C.I. = 1.50--5.29, *P* \< .001, Fig. [1](#jvim12492-fig-0001){ref-type="fig"}C) at T1, decreased vWFAg at T1 (mean difference = −0.86, C.I. = −1.23 to −0.50, *P* \< .001) and T2 (mean difference = −0.67, C.I. = −1.03 to −0.30, *P* \< .001) (Fig. [1](#jvim12492-fig-0001){ref-type="fig"}E), and decreased vWFCBA at T1 (mean difference = −37.33, C.I. = −62.10 to −12.56, *P* = .003) and T2 (mean difference = −38.67, C.I. = −63.44 to −13.90, *P* = .003) (Fig. [1](#jvim12492-fig-0001){ref-type="fig"}G). There was no significant difference in ACT, PT, FVIII activity, vWFAg/CBA ratio, or D‐dimer concentration between fluid groups.

![Comparison of platelet count (Reference interval: 117--418 × 10^9^/L), aPTT (Reference interval: 10--20 seconds), vWFAg (Reference interval: 50--108%), vWFCBA (Reference interval: \> 50%), and FVIII (Reference interval: 50--200%) in dogs given 0.9% NaCl or tetrastarch after placebo or LPS administration. Time of fluid bolus represented as ↑. Significant differences between fluids (*P* \< .019) are indicated with \*. All values are expressed as mean ± SD.](JVIM-29-276-g001){#jvim12492-fig-0001}

Compared to dogs given 0.9% NaCl, dogs receiving tetrastarch had a decreased R (mean difference = −1.07, C.I. = −1.94 to −0.19, *P* = .017, Fig. [2](#jvim12492-fig-0002){ref-type="fig"}A) and increased K (mean difference = 0.60, C.I. = 0.29--0.90, *P* \< .001, Fig. [2](#jvim12492-fig-0002){ref-type="fig"}C) at T1, decreased α between T1 (mean difference = −7.00, C.I. = −10.17 to −3.83, *P* \< .001) and T2 (mean difference = −5.32, C.I. = −8.52 to −2.12, *P* = .001) (Fig. [2](#jvim12492-fig-0002){ref-type="fig"}E), decreased MA between T1 (mean difference = −13.38, C.I. = −17.39 to −9.36, *P* \< .001) and T4 (mean difference = −4.94, C.I. = −8.95 to −0.92, *P* = .016) (Fig. [2](#jvim12492-fig-0002){ref-type="fig"}G), decreased G between T1 (mean difference = −3.60, C.I. = −4.92 to −2.28, *P* \< .001) and T4 (mean difference = −1.87, C.I. = −3.19 to −0.55, *P* = .006) (Fig. [2](#jvim12492-fig-0002){ref-type="fig"}I), increased CL30% between T1 (mean difference = 2.52, C.I. = 1.13--3.92, *P* \< .001) and T4 (mean difference = 1.66, C.I. = 0.31--3.01, *P* = .016) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}A), increased LY30% at T1 (mean difference = 10.37, C.I. = 4.88--15.87, *P* \< .001) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}C), increased CL60% at T2 (mean difference = 1.42, C.I. = 0.56--2.29, *P* = .002) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}E), and increased LY60% between T2 (mean difference = 1.45, C.I. = 0.47--2.43, *P* = .004) and T4 (mean difference = 1.41, C.I. = 0.43--2.39, *P* = .005) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}G).

![Comparison of kaolin‐activated R (Reference interval: 2--6 minutes), K (Reference interval: 1--3 minutes), α (Reference interval: 48--75°), MA (Reference interval: 46--64 mm), and G (Reference interval: 4.2--8.0K d/sc) in dogs given 0.9% NaCl or tetrastarch after placebo or LPS administration. Time of fluid bolus represented as ↑. Significant differences between fluids (*P* \< .019) are indicated with \*. All values are expressed as mean ± SD.](JVIM-29-276-g002){#jvim12492-fig-0002}

![Comparison of kaolin‐activated CL30% (Reference interval: 92--100%), LY30% (Reference interval: 0--2%), CL60% (Reference interval: 85--100%), and LY60% (Reference interval: 0--15%) in dogs given 0.9% NaCl or tetrastarch after placebo or LPS administration. Time of fluid bolus represented as ↑. Significant differences between fluids (*P* \< .019) are indicated with \*. All values are expressed as mean ± SD.](JVIM-29-276-g003){#jvim12492-fig-0003}

When comparing TEG variables to traditional coagulation tests, vWFAg had fair correlation with MA (r = 0.521; *P* \< .001) and G (r = 0.507; *P* \< .001). Other TEG variables and traditional coagulation tests were either poorly or not correlated.

Dogs with Systemic Inflammation (LPS Phase) {#jvim12492-sec-0017}
-------------------------------------------

Compared to dogs given 0.9% NaCl, dogs given tetrastarch had a decreased platelet count at T2 (mean difference = −62.22, C.I. = −114.01 to −10.43, *P* = .019, Fig. [1](#jvim12492-fig-0001){ref-type="fig"}B), increased aPTT at T1 (mean difference = 3.38, C.I. = 2.05--5.84, *P* \< .001) and T2 (mean difference = 2.30, C.I. = 0.43--4.16, *P* = .016) (Fig. [1](#jvim12492-fig-0001){ref-type="fig"}D), decreased vWFAg at T1 (mean difference = −0.68, C.I. = −1.04 to −0.32, *P* \< .001) and T2 (mean difference = −0.65, C.I. = −1.01 to −0.28, *P* \< .001) (Fig. [1](#jvim12492-fig-0001){ref-type="fig"}F), and decreased vWFCBA at T1 (mean difference = −39.40, C.I. = −63.72 to −15.08, *P* = .002) and T2 (mean difference = −40.03, C.I. = −64.35 to −15.70, *P* = .002) (Fig. [1](#jvim12492-fig-0001){ref-type="fig"}H). There was no significant difference in ACT, PT, FVIII, vWFAg/CBA ratio, or D‐dimer concentration between dogs in either fluid group.

There was no significant difference in R between fluid groups (Fig. [2](#jvim12492-fig-0002){ref-type="fig"}B). Compared to dogs given 0.9% NaCl, dogs given tetrastarch had increased K (T1 mean difference = 1.49, C.I. = 1.20--1.79; T2 mean difference = 0.89, C.I. = 0.59--1.18; T4 mean difference = 0.64, C.I. = 0.35--0.94; Fig. [2](#jvim12492-fig-0002){ref-type="fig"}D) and decreased α (T1 mean difference = −13.30, C.I. = −16.40 to −10.20; T2 mean difference = −9.04, C.I. = −12.13 to −5.94; T4 mean difference = −6.05, C.I. = −9.15 to −2.96; Fig. [2](#jvim12492-fig-0002){ref-type="fig"}F), MA (T1 mean difference = −16.27, C.I. = −20.23 to −12.32; T2 mean difference = −9.72, C.I. = −13.67 to −5.77; T4 mean difference = −8.93, C.I. = −12.89 to −4.98; Fig. [2](#jvim12492-fig-0002){ref-type="fig"}H), and G (T1 mean difference = −3.56, C.I. = −4.86 to −2.26; T2 mean difference = −2.43, C.I. = −3.73 to −1.13; T4 mean difference = −2.37, C.I. = −3.67 to −1.06; Fig. [2](#jvim12492-fig-0002){ref-type="fig"}J) between T1 (*P* \< .001) and T4 hours (*P* \< .001). Dogs given tetrastarch also had increased CL30% at T1 (mean difference = 1.67, C.I. = 0.34--2.99, *P* = .014) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}B), increased LY30% at T1 (mean difference = 10.64, C.I. = 5.50--15.80, *P* \< .001) and T2 (mean difference = 7.39, C.I. = 2.24--12.54, *P* = .005) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}D), increased CL60% at T2 (mean difference = 1.21, C.I. = 0.36--2.05, *P* = .006) and T4 (mean difference = 1.24, C.I. = 0.38--2.10, *P* = .005) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}F), and increased LY60% at T4 hours (mean difference = 1.22, C.I. = 0.25--2.19 *P* = .014) (Fig. [3](#jvim12492-fig-0003){ref-type="fig"}H) compared to dogs administered 0.9% NaCl.

When comparing TEG variables to traditional coagulation tests, vWFAg had fair correlation with K (r = −0.560; *P* \< .001), α (r = 0.578; *P* \< .001), MA (r = 0.642; *P* \< .001), and G (r = 0.642; *P* \< .001). vWFCBA had fair correlation with MA (r = 0.506; *P* \< .001). Other TEG variables and traditional coagulation tests were either poorly or not correlated.

All numeric values for the TEG variables in dogs given 0.9% NaCl or HES after placebo (Table S1) or LPS (Table S2) administration are included as supplemental information.

Discussion {#jvim12492-sec-0018}
==========

The results of this study revealed that administration of tetrastarch was associated with an immediate decrease in platelet count and prolongation in aPTT compared to 0.9% NaCl. Given that tetrastarch administration has no known direct effects on platelet count,[3](#jvim12492-bib-0003){ref-type="ref"}, [4](#jvim12492-bib-0004){ref-type="ref"}, [10](#jvim12492-bib-0010){ref-type="ref"} this suggests a greater hemodilution effect with tetrastarch compared to 0.9% NaCl administration. The blood volume expansion that is achieved with isotonic crystalloids and synthetic colloids differs as administration of the latter produces fluid recruitment from the interstitial compartment.[23](#jvim12492-bib-0023){ref-type="ref"} In a recent systematic review of randomized controlled trials performed in humans when tetrastarch was given as part of fluid resuscitation, the amount of crystalloids required for correction of the volume deficit was 1.8 times that used when administering colloids.[12](#jvim12492-bib-0012){ref-type="ref"} Unfortunately, considering the paucity of literature regarding the volume expansive effects of tetrastarch in dogs, a dosage of tetrastarch that would produce equal volume expansion to that obtained with 0.9% NaCl could not be determined for this study. Therefore, the same dosage for 0.9% NaCl and tetrastarch was chosen because although volume expansion would ultimately be greater and more sustained with tetrastarch, the immediate volume expansion of the intravascular compartment would be equivalent for both. The dilutional effect of HES on platelets and clotting factors leading to prolongation of coagulation times has been demonstrated in other in vivo human studies.[24](#jvim12492-bib-0024){ref-type="ref"}, [25](#jvim12492-bib-0025){ref-type="ref"} However, to date there are no published veterinary studies investigating the effect of HES on traditional coagulation tests.

Although FVIII activity was not statistically different between the two fluid groups, it was decreased after tetrastarch administration and increased after 0.9% NaCl administration. Therefore, the prolongation in aPTT might be secondary to an effect of tetrastarch on FVIII activity, thereby affecting the intrinsic pathway of coagulation, while the extrinsic pathway measured by PT was unaffected.

Interestingly, both vWFAg and vWFCBA were also decreased for less than 2 hours after tetrastarch administration compared to 0.9% NaCl administration and then returned to baseline, suggesting transient acquired type 1 von Willebrand disease. This is consistent with findings from studies in humans documenting mild acquired von Willebrand disease after administration of rapidly degradable low MW HES such as tetrastarch, with activities returning to normal 5 hours after administration.[10](#jvim12492-bib-0010){ref-type="ref"} Decreased FVIII activity occurs in dogs with von Willebrand disease because of the stabilizing role of vWF on circulating FVIII levels;[26](#jvim12492-bib-0026){ref-type="ref"} therefore, one would expect decreased FVIII activity would be seen in conjunction with the decreased vWFAg and vWFCBA. Conversely, two human studies reveal that tetrastarch doses up to 50--70 mL/kg IV were administered without changes in FVIII concentration.[27](#jvim12492-bib-0027){ref-type="ref"}, [28](#jvim12492-bib-0028){ref-type="ref"} Although FVIII activity decreased after tetrastarch administration in the present study, it was not statistically different from 0.9% NaCl administration. However, it is possible that this study was underpowered to detect significant changes in FVIII activity after tetrastarch administration.

In this study, TEG variables were indicative of increased hypocoagulability after tetrastarch administration compared to 0.9% NaCl. This is consistent with findings from in vitro studies in healthy humans and humans undergoing liver transplant surgery that found hypocoagulability characterized by increased R and K, and decreased α and MA after tetrastarch administration.[13](#jvim12492-bib-0013){ref-type="ref"}, [15](#jvim12492-bib-0015){ref-type="ref"} Interestingly, in vivo studies in humans reveal that similar hypocoagulable effects are only seen immediately after HES administration, but do not persist hours after the HES bolus.[29](#jvim12492-bib-0029){ref-type="ref"}, [30](#jvim12492-bib-0030){ref-type="ref"} This finding is attributed to the more rapid elimination of tetrastarch because of its lower MW and shorter half‐life compared to other HES.[29](#jvim12492-bib-0029){ref-type="ref"}, [30](#jvim12492-bib-0030){ref-type="ref"} Similarly, all TEG variables that were altered in dogs in the present study 1--4 hours after administration of tetrastarch, but returned to baseline 24 hours after the fluid bolus.

There are some veterinary studies investigating the effects of HES on coagulation in dogs that also confirm the development of hypocoagulabilty after HES administration. In vitro and in vivo reports demonstrate that higher MW HES are associated with platelet dysfunction characterized by prolonged closure time using PFA‐100.[31](#jvim12492-bib-0031){ref-type="ref"}, [32](#jvim12492-bib-0032){ref-type="ref"} In vitro dilution with a lower MW product HES 130/0.42 also causes hypocoagulability manifested by prolonged closure time using PFA‐100.[33](#jvim12492-bib-0033){ref-type="ref"} However, a recent study investigating the effect of tetrastarch on coagulation in a hemorrhagic shock model in dogs found no difference in platelet function as assessed with PFA‐100.[34](#jvim12492-bib-0034){ref-type="ref"} Another study used TEG to investigate the effect of HES on coagulation and found that tetrastarch had less impact on coagulation than hetastarch at higher dilutions in vitro, but still resulted in hypocoagulability characterized by changes in K, α, and MA.[22](#jvim12492-note-0022){ref-type="fn"} Similarly, in vitro dilution with tetrastarch caused hypocoagulability secondary to a dose‐dependent alteration in fibrinogen concentration and decreased platelet function using thromboelastometry.[35](#jvim12492-bib-0035){ref-type="ref"} Whereas none of these studies investigate the in vivo effects of tetrastarch on TEG in dogs, they consistently show that in vitro hemostatic testing confirms a hypocoagulable effect of HES in dogs.

The changes in TEG variables CL30%, LY30%, CL60%, and LY60% observed in this study in dogs receiving tetrastarch are suggestive of hyperfibrinolysis. This has been previously reported in vivo in humans given higher MW HES solutions and is hypothesized to be secondary to incorporation of HES molecules into the blood clot, or to increased plasminogen activator activity.[36](#jvim12492-bib-0036){ref-type="ref"} Despite evidence of hyperfibrinolysis, there was no difference in D‐dimer concentration in dogs receiving tetrastarch compared to dogs given 0.9% NaCl in the present study. Likewise, a recent case series of dogs with disseminated intravascular coagulation revealed no association between D‐dimer concentration and fibrinolytic TEG variables.[37](#jvim12492-bib-0037){ref-type="ref"} Other assays of fibrinolysis such as fibrin degradation products, fibrinogen, or plasminogen concentrations could be measured in future studies to further assess the effect of tetrastarch on fibrinolysis.

In this study, traditional coagulation tests (platelet count, ACT, PT, aPTT, and D‐dimer concentration) had weak correlation with TEG variables. R is typically associated with soluble clotting factors, thus representing the intrinsic pathway of coagulation.[38](#jvim12492-bib-0038){ref-type="ref"} Some TEG studies have reported good correlation between R and PT or aPTT.[39](#jvim12492-bib-0039){ref-type="ref"}, [40](#jvim12492-bib-0040){ref-type="ref"}, [41](#jvim12492-bib-0041){ref-type="ref"} Similarly in a canine study using rotational thromboelastometry, PT was significantly correlated with coagulation time (similar to R), clot formation time (equivalent to K), α angle, and maximum clot firmness (similar to MA), but aPTT was not. Overall, rotational thromboelastometry results were not highly correlated with individual factor concentrations, while platelet concentration was correlated with clot formation time, α angle, and maximum clot firmness.[42](#jvim12492-bib-0042){ref-type="ref"} In the present study, administration of tetrastarch was associated with prolongation of aPTT, but decreased R in healthy dogs and no change in R in dogs with LPS‐induced systemic inflammation. Similar findings were observed in a study comparing TEG variables in human volunteers administered either HES (200/0.5) or normal saline.[25](#jvim12492-bib-0025){ref-type="ref"} The authors hypothesized that difference in methodology between TEG and PT or aPTT explained the differences observed, since TEG evaluates whole blood coagulation, whereas PT and aPTT are platelet‐poor plasma based assays.[25](#jvim12492-bib-0025){ref-type="ref"} The slightly prolonged PT and aPTT after administration of HES (200/0.5) were attributed to dilution of coagulation factors in plasma, while decreases of R and K was explained by platelet activation or other cell‐mediated effects not assessed by cell‐depleted plasma assays.[25](#jvim12492-bib-0025){ref-type="ref"} In the present study, platelet count was poorly correlated with MA, G, and α in healthy dogs. K and α are generally affected by platelet count and function, fibrinogen concentration and function, and clotting factor activity, whereas MA and G are influenced by platelet count and function, and fibrinogen concentration.[43](#jvim12492-bib-0043){ref-type="ref"}

This study has some limitations that warrant discussion. First, the small sample size rendered some of the analyses underpowered to detect significant differences. Likewise, some TEG variables had significant differences at baseline between dogs receiving 0.9% NaCl and those given tetrastarch. However, the subsequent significant changes at each time point in dogs given tetrastarch were in the opposite direction compared to dogs given 0.9% NaCl and at 24 hours after fluid administration, there were no longer significant differences between the two fluids. All dogs were deemed healthy based on physical examination, routine blood work, and PT and aPTT, but it is possible that subclinical diseases were missed that affected our results. More likely, type I error because of the small sample size created the baseline differences. Second, platelet function was not specifically assessed in this study. Therefore, the effect of tetrastarch on platelet function might have been underestimated. TEG is insensitive compared to flow cytometry and aggregometry at assessing platelet function in people.[44](#jvim12492-bib-0044){ref-type="ref"} Other techniques used to evaluate platelet function including platelet aggregometry, PFA‐100, flow cytometry, and TEG platelet mapping[45](#jvim12492-bib-0045){ref-type="ref"} should be considered in future studies investigating the coagulation effects of HES in dogs. Third, all dogs enrolled in this study were female and almost evenly distributed between intact and spayed. Influence of gender on viscoelastic evaluation of hemostasis has been demonstrated in people resulting in recommendations to report different reference intervals for each sex;[46](#jvim12492-bib-0046){ref-type="ref"}, [47](#jvim12492-bib-0047){ref-type="ref"} however, no such difference has been found in dogs.[48](#jvim12492-bib-0048){ref-type="ref"} To date, the influence of reproductive hormones on TEG in intact dogs has not been investigated. Fourth, the washout period was selected based on the plasma terminal half‐life (*t* ~1/2ß~) of tetrastarch in humans, which is 12.1 hours after administration of a single dose of 500 mL.[49](#jvim12492-bib-0049){ref-type="ref"} This information is not available for dogs and the presence of persistent circulating tetrastarch molecules for longer than the 14‐day washout period cannot be excluded. Fifth, it is also important to consider that while an LPS model was used in the present study to mimic the systemic changes encountered during naturally occurring sepsis,[50](#jvim12492-bib-0050){ref-type="ref"}, [51](#jvim12492-bib-0051){ref-type="ref"}, [52](#jvim12492-bib-0052){ref-type="ref"}, [53](#jvim12492-bib-0053){ref-type="ref"} it does not necessarily replicate all changes that occur in hospitalized dogs. Sixth, when interpreting TEG results, it is also important to consider the effects of fibrinogen and hematocrit. Fibrinogen was not measured. Packed cell volume was measured in these dogs for a separate study,[54](#jvim12492-bib-0054){ref-type="ref"} which revealed that packed cell volume was decreased after fluid administration, but remained within the reference interval. Considering the reported hypercoagulable effect of a decreasing hematocrit on TEG results,[23](#jvim12492-note-0023){ref-type="fn"},[24](#jvim12492-note-0024){ref-type="fn"} the hypocoagulability noted after tetrastarch administration in the present study remains relevant. Finally, the additional dilution effect garnered by the increased volume expansion of the tetrastarch in comparison to the 0.9% NaCl cannot be ruled out as contributing to the hemostatic changes, irrespective of the direct effects on coagulation factors. Moreover, the rapid infusion of 40 mL/kg of tetrastarch IV over 30 minutes does not necessarily reflect clinical practice. As such, the results from the present study cannot necessarily be extrapolated to all hospitalized dogs with systemic inflammation or naturally occurring sepsis receiving synthetic colloids.

Conclusions {#jvim12492-sec-0019}
===========

Healthy dogs and dogs with LPS‐induced systemic inflammation administered tetrastarch had prolonged aPTT, hypocoagulable and hyperfibrinolytic TEG variables, and acquired type 1 von Willebrand disease (decreased vWFAg and vWFCBA) compared to dogs given 0.9% NaCl, which resolved within 4 hours. Most coagulation variables were within the reference interval, which makes the hypocoagulable changes associated with tetrastarch administration of uncertain clinical significance and precludes any absolute contraindication to the use of tetrastarch in healthy dogs or dogs with systemic inflammation. Future studies investigating the effect of other doses or constant rate infusions of tetrastarch on coagulation, as well as in dogs with naturally occurring sepsis, are warranted and more sensitive methods for assessing platelet dysfunction should be included.
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**Table S1.** Comparison of TEG variables in 16 dogs receiving NaCl 0.9% or tetrastarch after placebo administration. Significant differences (*P* \< .019) indicated in bold. All values are expressed as mean ± SD.

**Table S2.** Comparison of TEG variables in 16 dogs receiving NaCl 0.9% or tetrastarch after LPS administration. Significant differences (*P* \< .019) indicated in bold. All values are expressed as mean ± SD.
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Click here for additional data file.
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